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Summary
Recognizing other individuals is an essential skill in humans
and in other species [1–3]. Over the last decade, it has
become increasingly clear that person-identity recognition
abilities are highly variable. Roughly 2% of the population
has developmental prosopagnosia, a congenital deficit in
recognizing others by their faces [4]. It is currently unclear
whether developmental phonagnosia, a deficit in recog-
nizing others by their voices [5], is equally prevalent, or
even whether it actually exists. Here, we aimed to identify
cases of developmental phonagnosia. We collected more
than 1,000 data sets from self-selected German individuals
by using a web-based screening test that was designed to
assess their voice-recognition abilities. We then examined
potentially phonagnosic individuals by using a comprehen-
sive laboratory test battery. We found two novel cases of
phonagnosia: AS, a 32-year-old female, and SP, a 32-year-
old male; both are otherwise healthy academics, have
normal hearing, and show no pathological abnormalities in
brain structure. The two cases have comparable patterns
of impairments: both performed at least 2 SDs below the
level of matched controls on tests that required learning
new voices, judging the familiarity of famous voices, and
discriminating pitch differences between voices. In both
cases, only voice-identity processing per se was affected:
face recognition, speech intelligibility, emotion recognition,
andmusical ability were all comparable to controls. The find-
ings confirm the existence of developmental phonagnosia
as a modality-specific impairment and allow a first rough
prevalence estimate.
Results and Discussion
‘‘Phonagnosia’’ refers to a selective deficit in voice-identity
recognition, which is dissociable from other forms of person
recognition (e.g., via faces or names) and other aspects
of voice perception (e.g., emotion or speech processing)
[6–9]. Recently, the first putative case of developmental*Correspondence: roswandowitz@cbs.mpg.dephonagnosia was reported [5]. However, in addition to per-
forming poorly on several voice-recognition tasks, she also
had difficulties with understanding speech in noise compared
to controls. Therefore, it is currently still unclear whether
developmental phonagnosia actually exists as a specific dis-
order that is dissociable from other complex auditory abilities.
Confirming the existence of phonagnosia would have impor-
tant implications for long-standing models of person percep-
tion [7]. A central assumption of these models is that voice
recognition dissociates from our ability to understand what
is said (speech recognition). However, this dissociation has
recently been called into question (e.g., [10]). Thus, finding
phonagnosia cases in which speech recognition is intact
would advance our understanding of fundamental mecha-
nisms in person recognition.
We employed a four-stage screening procedure to identify
cases of developmental phonagnosia (Figure 1A; for a
complete description of the screening procedure and re-
sults, see Supplemental Experimental Procedures available
online). First, we developed a web-based test (http://www.
phonagnosie.de) to assess participants’ abilities to learn and
recognize new voices (Figure 1B, ‘‘voice-name test’’); this
resulted in 1,057 complete data sets (Table S1). We sent 233
participants, who either (1) performed at least 1.5 SDs below
the laboratory control mean or (2) rated themselves as poor
voice recognizers, a detailed follow-up questionnaire. Of the
55 responses we received, the responses of ten individuals
seemed to be indicative of a selective deficit in voice recogni-
tion. After a semistructured telephone interview, four individ-
uals were invited to laboratory testing. They completed a
behavioral test battery, an audiometric hearing test, a general
neuropsychological assessment, and a structural MRI scan.
Two of these participants (AS and SP) had no history of neuro-
logical or psychiatric illness, had normal hearing, performed
within the normal range on the neuropsychological assess-
ment (Table S2), and showed no pathological abnormalities
in their MR images. For both AS and SP, we invited separate
control groups who were matched in gender, age, education,
and handedness [11] (see Supplemental Experimental Proce-
dures). We compared differences between the scores of AS
andSP and their respective control groups by using amodified
t test [12], a standard procedure for comparing single cases to
control groups (see, e.g., [5, 9, 13]). Differences with a proba-
bility p < 0.05 were considered statistically significant. The
study was approved by the Research Ethic Committee of
Leipzig University.
AS and SP Were Impaired in Voice Recognition
AS and SP are both 32 years old, highly educated, and, apart
from their voice-recognition difficulties, completely healthy.
Their lifelong voice-recognition difficulties include recog-
nizing celebrities, close friends, and family members. For
example, AS, a graduate student, finds it difficult to recognize
her own daughter’s voice when she is playing with her friend
in another room. SP, a PhD student, first became aware of his
difficulties when watching television with a friend: unlike his
friend, SP failed to notice when a voice actor from his favorite
dubbed television series changed. When answering tele-
phone calls, SP often relies on compensatory strategies to
Figure 1. Screening Approach and General Procedure of the Voice-
Learning Tests
(A) We assessed voice-recognition abilities in a wide audience using a web-
based voice-name test published on http://www.phonagnosie.de, a
paper-based questionnaire, semistructured telephone interviews, and labo-
ratory-based testing. We identified AS and SP as two cases with develop-
mental phonagnosia.
(B) Voice-name test. Participants learned six unfamiliar voices (three female
and threemale, displayed here as amplitudewaveform) in association with a
first name. After learning, participants were tested on their voice-recogni-
tion abilities. In each trial, they listened to a previously learned voice and
selected the speaker’s name among three alternatives presented on a
screen via button press.
(C) Voice-color test. This test was structured similarly to the voice-name
test, except that the names were replaced by colors.
(D) Voice-face test. This test was structured as the other two voice tests,
except that now faces were learned together with the voices.
All three tests were based on different speakers’ voices. The voice samples
always differed between the learning and testing phases, i.e., learning and
testing were done with different sentence material.
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speaking characteristics (e.g., pauses, speaking rate). Both
AS and SP feel embarrassed when they fail to identify familiar
voices.
Besides the web-based voice-name test (Figure 1B), AS
and SP performed two additional voice-learning tests in the
laboratory: in the ‘‘voice-color test’’ (Figure 1C), participants
learned to associate six unfamiliar voices with colors, and in
the ‘‘voice-face test’’ (Figure 1D), they learned to associate
the six unfamiliar voices with photographic images of their
faces. Each test included a different set of speakers so thatnone of the speakers was heard in more than one test. AS
and SP performed at least 2 SDs worse than controls on two
of the three voice-learning tests and at least 1.5 SDs worse
on the other test (Table S3). AS scored 50% on the voice-
name test (controls: 75%) and 47% on the voice-color test
(controls: 74%); these differences were statistically significant
(voice-name test: p = 0.016; voice-color test: p = 0.006). AS
also performed poorly on the voice-face test. This difference
was close to statistical significance (AS: 73%; controls: 87%;
p = 0.067) (Figure 2A; Table S3). SP scored 55% on the
voice-name test (controls: 80%), 47% on the voice-color test
(controls: 77%), and 67% on the voice-face test (controls:
90%). On two tests, the differences between SP and controls
were significant (voice-color: p < 0.001; voice-face: p <
0.001), and the difference on the voice-name test was close
to significance (p = 0.064) (Figure 2A; Table S3).
We also tested how well AS and SP recognized famous
voices. In the ‘‘famous voice-recognition test,’’ participants
categorized the familiarity of voice samples of familiar and un-
familiar people and additionally provided the names of those
categorized as familiar (see Supplemental Experimental Pro-
cedures). Both AS and SP showed a significant bias (c; [14])
in their familiarity judgments, compared to controls (AS: p =
0.001; SP: p = 0.01). For AS, accuracy (d0) was also significantly
poorer (p = 0.002) (Figure 2B; Table S3). Although AS had
problems with classifying voices as familiar, she nevertheless
performed well at naming the ones she did classify correctly
(p = 0.33). Conversely, SP performed worse at naming those
he accurately classified as familiar, relative to his controls
(p < 0.001) (Table S3).
AS and SP Performed Normally on Auditory and Visual
Control Tests
To test whether their voice-recognition deficits were selective,
AS and SP performed several control tests (see Supplemental
Experimental Procedures). In the ‘‘speech-in-noise test,’’ par-
ticipants listened to subject-verb sentences mixed with noise
and selected which verb was spoken out of four alternatives.
AS’s and SP’s speech-reception thresholds were similar to
controls (Figure 2C; Table S4), indicating that they were able
to understand speech in noise normally. In the ‘‘vocal-emotion
test,’’ participants listened to words spoken in different affec-
tive states and selected the target emotion from six alterna-
tives. AS and SP performed normally on this test as well
(Figure 2C; Table S4). AS and SP also performed normally on
two tests of face recognition, i.e., the Cambridge FaceMemory
Test [15] and a novel ‘‘face-name learning test’’ (Figure 2C; Ta-
ble S4). A formal comparison of the performance on the voice
and control tests revealed that AS and SP have a selective
deficit in voice recognition (Figure 2D).
Apperceptive or Associative Phonagnosia?
Agnosias are classically divided into two forms: an appercep-
tive form and an associative form (for review, see [16]). ‘‘Apper-
ceptive’’ agnosia refers to a failure to integrate the physical
characteristics of a stimulus into a coherent percept, whereas
‘‘associative’’ agnosia refers to a failure to associate semantic
information with the stimulus even when the stimulus itself is
perceived normally. To disentangle the two forms of agnosia,
we used a ‘‘voice-discrimination test’’ (see Supplemental
Experimental Procedures). Participants listened to pairs of
sentences spoken by three unfamiliar voices. After each pair,
participants decided whether the sentences were spoken
by the same speaker or not. AS performed 8.73 SDs below
Figure 2. Results of AS and SP and Their Control Groups in the Voice and Control Tests
(A) Performance on the three voice-learning tests.
(B) Performance on the famous voice-recognition test. We computed response bias (c) on familiarity decision and indices of sensitivity (d0) to classify voices
into famous and nonfamous categories.
(C) Speech receptive thresholds (SRT) derived from signal-to-noise ratios (dB SNR) on the speech-in-noise test and mean percent corrects on the overall
performance of the vocal-emotion test, the Cambridge FaceMemory Test (CFMT), and the face-name test are displayed. Therewere no differences between
AS/SP and their respective control groups.
(D) The plots show AS’s and SP’s scores on the voice-learning tests (mean performance of laboratory voice-color and voice-face tests) in relation to their
performance on the control tests. The interaction between the voice-learning and speech-in-noise performances is plotted in the left panel, and the inter-
action between the voice-learning and emotion/CFMT/face-name (mean performance over all three tests) performances is plotted in the right panel. To test
the task type (voice, speech) and group (AS/SP, controls) interaction, we computed the mean differences between the voice-learning and the speech-in-
noise performances separately for AS, SP, and controls. The differences were statistically significant (voice, speech: AS: p < 0.001, SP: p < 0.001; voice,
emotion/CFMT/face-name: AS: p = 0.002, SP: p = 0.002). The control group included controls (of AS and SP) who completed all laboratory tests (see Sup-
plemental Experimental Procedures).
All error bars show 1 SD. Asterisks indicate statistical significant differences among AS, SP, and their respective control groups (voice-name test: web-
based controls; all remaining tests: laboratory-based controls) (*p < 0.05, **p < 0.001). See also Tables S3 and S4.
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that she has apperceptive phonagnosia because this test
does not require association with semantic information. By
contrast, SP’s performance was within the normal range
(p = 0.47) (Figure 3A; Table S3). Thus, SP seems to have an
associative phonagnosia. These patterns of impairment are
consistent with AS’s and SP’s performances on the famous
voice-recognition test, where only SP failed to name the voices
he correctly categorized as familiar.
AS and SP Were Impaired in Vocal Pitch, but Not Vocal
Timbre Perception
Pitch and timbre are two basic acoustic properties that provide
important information for both discriminating unfamiliar voices
[18] and recognizing familiar ones [19]. We therefore measured
AS’s and SP’s just-noticeable differences (JNDs) for pitch and
timbre (see Supplemental Experimental Procedures). In the
‘‘vocal-pitch test,’’ participants listened to pairs of vowels and
reportedwhich had the higher pitch. The stimuli were resynthe-
sized versions of the same original vowel [20], differing only
in their fundamental frequency. In the ‘‘vocal-timbre test,’’participants listened to pairs of vowels and reported which
was spoken by the smaller speaker. The stimuli were resynthe-
sized versions of the same vowel [20], differing only in their
‘‘vocal-tract length,’’ an aspect of vocal timbre that provides in-
formation about speaker size [21]. We found a clear dissocia-
tion between pitch and timbre JNDs (Figures 3B and 3C; Table
S5). AS’s and SP’s pitch JNDs were around 3 SDs larger than
controls’ pitch JNDs, and they were well over one semitone,
indicating severe impairments in pitch perception (AS: p =
0.014; SP: p = 0.004). However, their timbre JNDs indicated
normal timbreperception. Thus, the impairments in voice-iden-
tity recognition observed in AS and SP coincided with severe
deficits in pitch perception. It is highly unlikely that these defi-
cits were caused by abnormalities at the level of the cochlea:
AS performed normally, and SP performed better than controls
on a test of cochlear function (‘‘notched-noise test’’; Figure S1,
Table S5, and Supplemental Experimental Procedures). We
also found that both AS and SP had normal JNDs for ampli-
tude-modulation rate discrimination (for subtest-specific per-
formance, see FigureS1, TableS5, Supplemental Experimental
Procedures, and Supplemental Discussion).
Figure 3. Performance on the Voice-Discrimination Test and Tests Assess-
ing Pitch and Timbre Processing
(A) Performance on the voice-discrimination test. See also Table S3.
(B) Vocal-pitch test. Cent describes the logarithmic unit for F0 (fundamental
frequency) intervals. See also Table S5.
(C) Vocal-timbre test. There were no differences between AS/SP and their
respective control groups. Spatial envelope is a unit for the acoustic effect
of the speaker’s vocal-tract length [17]. SER, spatial envelope ratio. See also
Table S5.
All error bars show 1 SD. Asterisks indicate statistical significant differences
among AS, SP, and their respective control groups (*p < 0.05, **p < 0.001).
JND, just-noticeable difference.
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In addition to its role in voice-identity recognition [18], pitch
perception is integral to the perception of music [22], and
pitch JNDs greater than one semitone can be a symptom
of congenital amusia, a lifelong disability in perceiving mu-
sic [23]. Poor pitch perception is the most common deficit
found in congenital amusics [23, 24], although they can be
impaired in timbre perception as well [25]. Several lines of
evidence suggest that neither AS nor SP is amusic. First,
during a structured interview (Table S6), both reported being
good at detecting when someone else sings out of tune and
recognizing a familiar melody without the help of lyrics—two
skills that are indicative of amusia [26]. Second, AS and SP
performed within the normal range on an online version
[26] of the Montreal Battery for the Evaluation of Amusia
[27], the standard tool for diagnosing amusia (Figure 4A;
see Table S7 for performance on specific subtests). Third,
AS and SP performed normally on a test of musicalinstrument recognition (Figure 4B; see Supplemental Exper-
imental Procedures).
Poor pitch discrimination is not always symptomatic of
amusia; some completely healthy individuals can have abnor-
mally large pitch JNDs but otherwise normal hearing and
music appreciation [28]. Whether these individuals suffer
from voice-recognition impairments is currently unknown.
Prosopagnosics are often unaware of their face-recognition
deficit [29], and this might also be the case in phonag-
nosia. In congenital amusia, pitch-perception deficits are
often assumed to be the primary cause of the disturbances
in perceivingmusic [30]. If developmental phonagnosia is con-
sistently associated with a pitch discrimination deficit, it there-
fore might be of a different nature than the one associated
with amusia. Alternatively, a pitch discrimination deficit per
se might not cause phonagnosia, but it might nevertheless
exacerbate poor voice-recognition abilities.
Prevalence of Developmental Phonagnosia
Because we collected over 1,000 data sets in total, we roughly
estimate that developmental phonagnosia might occur with
2‰ in the German-speaking population. Estimating preva-
lence of congenital cognitive deficits is difficult and conten-
tious [31, 32]. In other congenital cognitive deficits, estimates
are based on cutoff values in diagnostic tests (e.g., amusia
[33]) or on interviews in samples of specific populations
(e.g., prosopagnosia [4]). It has been suggested that a com-
bination of such methods yields better estimates [32]. Here,
we combined multiple methods, including a web-based test,
a questionnaire, an interview, and a laboratory test battery.
Nevertheless, we cannot exclude the possible influence of a
sampling bias, which could have an effect in either direction
(see Supplemental Discussion). We speculate that the true
prevalence of phonagnosia is probably higher than 2‰
because the return rate of our four-stage screening approach
was relatively low, especially for the questionnaire (see Sup-
plemental Discussion).
General Discussion
In the present study, we demonstrated the existence of devel-
opmental phonagnosia as amodality-specific person-recogni-
tion deficit in otherwise healthy individuals. This provides sup-
port for a central assumption of current models of person
recognition, which is that voice recognition can be dissociated
from speech, face, and emotion recognition [7, 34].
Although AS and SP performedworse than controls onmost
of our voice-recognition tests, there was one test for each of
them that only showed a trend toward significance. For AS,
the voice-face test seemed to be easier. Previous work has
shown that simultaneous presentation of the speakers’ faces
during voice learning generally improves subsequent voice
recognition [35–37] and that this improvement is variable inter-
individually [35]. We speculate that AS received a greater
benefit from face information than her controls because she
has developedmore efficient strategies for using face informa-
tion to aid her voice-recognition performance. For SP, the re-
sults of the voice-name test were vitiated because it transpired
that he was familiar with one of the speakers from the test (his
former disc jockey teacher), although he did not realize this at
the time of testing. Therefore, SP could have been better at this
task because of his prior experiencewith one of the voices (see
Supplemental Experimental Procedures).
Many different species readily identify the vocal calls of
conspecifics, and the specialization of cortical regions for
Figure 4. Performance on Tests of Musical Skills
(A) Web-based test of musical skills (http://www.brams.umontreal.ca/onlinetest/). Mean percent corrects of the overall task performance and for each
subtest separately are displayed. Asterisks indicate statistical significant differences between AS and SP and control data published in Peretz et al. [26]
(*p < 0.05, **p < 0.001).
(B) Musical instrument recognition test. Mean percent corrects of AS, SP, and their control groups are displayed. There were no group differences on this
test.
All error bars show 1 SD. See also Table S7.
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and emerges at an early stage of development [38]. Our
study raises several new questions about this evolutionary
conserved process. For instance, future research may reveal
whether phonagnosia is similarly hereditary as prosopagno-
sia is [39] and how it relates to other auditory cognitive
deficits, such as pitch-perception deficits and amusia. Knowl-
edge about these behavioral variabilities in healthy individuals
will enhance the understanding of communication idiosyn-
crasies across different individuals. In addition, because of
the selectiveness of the impairment and intact brain structure,
developmental phonagnosia provides a unique window into
investigating the neuronal mechanisms of auditory person
perception.
Supplemental Information
Supplemental Information includes Supplemental Discussion, Supple-
mental Experimental Procedures, one figure, and seven tables and can be
found with this article online at http://dx.doi.org/10.1016/j.cub.2014.08.048.
Authors Contributions
C.R., S.R.M., F.H., J.K., S.S., and K.v.K. designed the experiment. C.R. per-
formed the experiment and analyzed the data. C.R., S.R.M., and K.v.K.
wrote the manuscript.
Acknowledgments
We are grateful to AS and SP for their effort and for the time they took to
participate in the extensive test battery and interviews.We thank Stefan Kie-
bel and Sonja Schall for helpful discussions. We thank Bjo¨rn Herrmann and
Molly Henry for providing the notched-noise test, and we thank Bjo¨rn Herr-
mann additionally for help with analyzing the notched-noise test results.
Further thanks go to Marc Bangert for implementing the web-based test,
to Jason Warren for providing musical instrument stimuli, and to Beate
Wendt for providing stimuli used in the vocal-emotion test. We thank three
anonymous reviewers for helpful suggestions and comments. This work
was funded by a Max Planck research group grant to K.v.K.
Received: April 12, 2014
Revised: July 28, 2014
Accepted: August 20, 2014
Published: September 25, 2014
References
1. Perrodin, C., Kayser, C., Logothetis, N.K., and Petkov, C.I. (2011). Voice
cells in the primate temporal lobe. Curr. Biol. 21, 1408–1415.2. Sidtis, D., and Kreiman, J. (2012). In the beginningwas the familiar voice:
personally familiar voices in the evolutionary and contemporary biology
of communication. Integr. Psychol. Behav. Sci. 46, 146–159.
3. Andics, A., Ga´csi, M., Farago´, T., Kis, A., and Miklo´si, A´. (2014). Voice-
sensitive regions in the dog and human brain are revealed by compara-
tive fMRI. Curr. Biol. 24, 574–578.
4. Kennerknecht, I., Grueter, T., Welling, B., Wentzek, S., Horst, J.,
Edwards, S., and Grueter, M. (2006). First report of prevalence of non-
syndromic hereditary prosopagnosia (HPA). Am. J. Med. Genet. A.
140, 1617–1622.
5. Garrido, L., Eisner, F., McGettigan, C., Stewart, L., Sauter, D., Hanley,
J.R., Schweinberger, S.R., Warren, J.D., and Duchaine, B. (2009).
Developmental phonagnosia: a selective deficit of vocal identity recog-
nition. Neuropsychologia 47, 123–131.
6. Van Lancker, D.R., andCanter, G.J. (1982). Impairment of voice and face
recognition in patients with hemispheric damage. Brain Cogn. 1,
185–195.
7. Belin, P., Fecteau, S., and Be´dard, C. (2004). Thinking the voice: neural
correlates of voice perception. Trends Cogn. Sci. 8, 129–135.
8. Neuner, F., and Schweinberger, S.R. (2000). Neuropsychological impair-
ments in the recognition of faces, voices, and personal names. Brain
Cogn. 44, 342–366.
9. Hailstone, J.C., Crutch, S.J., Vestergaard, M.D., Patterson, R.D., and
Warren, J.D. (2010). Progressive associative phonagnosia: a neuropsy-
chological analysis. Neuropsychologia 48, 1104–1114.
10. Perrachione, T.K., Del Tufo, S.N., and Gabrieli, J.D. (2011). Human voice
recognition depends on language ability. Science 333, 595.
11. Oldfield, R.C. (1971). The assessment and analysis of handedness: the
Edinburgh inventory. Neuropsychologia 9, 97–113.
12. Crawford, J.R., and Howell, D.C. (1998). Comparing an individual’s test
score against norms derived from small samples. Clin. Neuropsychol.
12, 482–486.
13. Gilaie-Dotan, S., Saygin, A.P., Lorenzi, L.J., Egan, R., Rees, G., and
Behrmann, M. (2013). The role of human ventral visual cortex in motion
perception. Brain 136, 2784–2798.
14. Macmillan, N.A., and Creelman, C.D. (2004). Detection Theory: A User’s
Guide (New York: Psychology Press).
15. Duchaine, B., and Nakayama, K. (2006). The Cambridge Face Memory
Test: results for neurologically intact individuals and an investigation
of its validity using inverted face stimuli and prosopagnosic partici-
pants. Neuropsychologia 44, 576–585.
16. Buchtel, H.A., and Stewart, J.D. (1989). Auditory agnosia: apperceptive
or associative disorder? Brain Lang. 37, 12–25.
17. Smith, D.R.R., Patterson, R.D., Turner, R., Kawahara, H., and Irino, T.
(2005). The processing and perception of size information in speech
sounds. J. Acoust. Soc. Am. 117, 305–318.
18. Gaudrain, E., Li, S., Ban, V.S., and Patterson, R.D. (2009). The role of
glottal pulse rate and vocal tract length in perception of speaker identity.
Interspeech 2009: 10th Annual Conference of the International Speech
Communication Association 2009 1–5, 152–155.
Two Cases of Developmental Phonagnosia
235319. Lavner, Y., Gath, I., and Rosenhouse, J. (2000). The effects of acoustic
modifications on the identification of familiar voices speaking isolated
vowels. Speech Commun. 30, 9–26.
20. Kawahara, H., Morise, M., Takahashi, T., Nisimura, R., Irino, T., and
Banno, H. (2008). Tandem-STRAIGHT: A temporally stable power spec-
tral representation for periodic signals and applications to interference-
free spectrum, F0, and aperiodicity estimation. Acoustics, Speech and
Signal Processing, 2008. ICASSP 2008, 3933–3936.
21. Fitch, W.T., and Giedd, J. (1999). Morphology and development of the
human vocal tract: a study using magnetic resonance imaging.
J. Acoust. Soc. Am. 106, 1511–1522.
22. McDermott, J.H., and Oxenham, A.J. (2008). Music perception, pitch,
and the auditory system. Curr. Opin. Neurobiol. 18, 452–463.
23. Peretz, I., Ayotte, J., Zatorre, R.J., Mehler, J., Ahad, P., Penhune, V.B.,
and Jutras, B. (2002). Congenital amusia: a disorder of fine-grained
pitch discrimination. Neuron 33, 185–191.
24. Albouy, P., Mattout, J., Bouet, R., Maby, E., Sanchez, G., Aguera, P.E.,
Daligault, S., Delpuech, C., Bertrand, O., Caclin, A., and Tillmann, B.
(2013). Impaired pitch perception and memory in congenital amusia:
the deficit starts in the auditory cortex. Brain 136, 1639–1661.
25. Marin, M.M., Gingras, B., and Stewart, L. (2012). Perception of musical
timbre in congenital amusia: categorization, discrimination and short-
term memory. Neuropsychologia 50, 367–378.
26. Peretz, I., Gosselin, N., Tillmann, B., Cuddy, L.L., Gagnon, B., Trimmer,
C.G., Paquette, S., and Bouchard, B. (2008). On-line identification of
congenital amusia. Music Percept. 25, 331–343.
27. Peretz, I., Champod, A.S., and Hyde, K. (2003). Varieties of musical dis-
orders. The Montreal Battery of Evaluation of Amusia. Ann. N Y Acad.
Sci. 999, 58–75.
28. Mathias, S.R., Micheyl, C., and Bailey, P.J. (2010). Stimulus uncertainty
and insensitivity to pitch-change direction. J. Acoust. Soc. Am. 127,
3026–3037.
29. Yardley, L., McDermott, L., Pisarski, S., Duchaine, B., and Nakayama, K.
(2008). Psychosocial consequences of developmental prosopagnosia:
a problem of recognition. J. Psychosom. Res. 65, 445–451.
30. Hyde, K.L., and Peretz, I. (2004). Brains that are out of tune but in time.
Psychol. Sci. 15, 356–360.
31. Bowles, D.C., McKone, E., Dawel, A., Duchaine, B., Palermo, R.,
Schmalzl, L., Rivolta, D., Wilson, C.E., and Yovel, G. (2009).
Diagnosing prosopagnosia: effects of ageing, sex, and participant-stim-
ulus ethnic match on the Cambridge FaceMemory Test and Cambridge
Face Perception Test. Cogn. Neuropsychol. 26, 423–455.
32. Henry, M.J., and McAuley, J.D. (2010). On the prevalence of congenital
amusia. Music Percept. 27, 413–418.
33. Kalmus, H., and Fry, D.B. (1980). On tune deafness (dysmelodia): fre-
quency, development, genetics and musical background. Ann. Hum.
Genet. 43, 369–382.
34. Young, A.W., and Bruce, V. (2011). Understanding person perception.
Br. J. Psychol. 102, 959–974.
35. von Kriegstein, K., Dogan, O., Gru¨ter, M., Giraud, A.L., Kell, C.A., Gru¨ter,
T., Kleinschmidt, A., and Kiebel, S.J. (2008). Simulation of talking faces
in the human brain improves auditory speech recognition. Proc. Natl.
Acad. Sci. USA 105, 6747–6752.
36. Schall, S., Kiebel, S.J., Maess, B., and von Kriegstein, K. (2013). Early
auditory sensory processing of voices is facilitated by visual mecha-
nisms. Neuroimage 77, 237–245.
37. Sheffert, S.M., and Olson, E. (2004). Audiovisual speech facilitates voice
learning. Percept. Psychophys. 66, 352–362.
38. Blasi, A., Mercure, E., Lloyd-Fox, S., Thomson, A., Brammer, M., Sauter,
D., Deeley, Q., Barker, G.J., Renvall, V., Deoni, S., et al. (2011). Early
specialization for voice and emotion processing in the infant brain.
Curr. Biol. 21, 1220–1224.
39. Kennerknecht, I., Pluempe, N., andWelling, B. (2008). Congenital proso-
pagnosia—a common hereditary cognitive dysfunction in humans.
Front. Biosci. 13, 3150–3158.
